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Oral colonization by Streptococcus mutans 
and its association with the severity of periodontal 
disease in adults 
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ABSTRACT
Background: Streptococcus mutans (S. mutans) is associated with the onset of caries. Since root exposure in patients affected by periodontitis 
leads to higher caries rates, progressively more severe forms of periodontal disease might associate with elevated counts of S. mutans. Aim: To 
determine whether increasingly destructive forms of periodontal disease are associated with higher counts of S. mutans in untreated patients. 
Methods: VXEMHFWVDJHGZHUHFODVVL¿HGLQWRWKUHHJURXSVDFFRUGLQJWRWKHVHYHULW\RISHULRGRQWDOGLVHDVHJLQJLYLWLVFKURQLFVOLJKW
periodontitis and 3) chronic moderate or chronic severe periodontitis. S. mutans counts (cfu/mL) were obtained by direct counting on selective 
agar plates from saliva samples. A cumulative proportional logistic regression model was adjusted for S. mutans counts. Results: The model failed 
WRVKRZGLIIHUHQFHVE\JHQGHUEXWSHULRGRQWDOGLDJQRVLVKDGDVLJQL¿FDQWHIIHFWRQS. mutans counts depending on age. While in the group with 
moderate and severe periodontitis the probability of having high counts of S. mutans VLJQL¿FDQWO\ LQFUHDVHGZLWKDJH WKHSUREDELOLW\ UHPDLQHG
unchanged in individuals with chronic slight periodontitis or gingivitis. Conclusion: High S. mutans levels appear directly co-associated with 
increased severity of periodontal disease at older ages in untreated patients.     
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INTRODUCTION
 2UDO ELR¿OPV XVXDOO\ FRPSULVH EHQH¿FLDOPLFURRUJDQLVPV IRU
the host as they exclude colonization by pathogenic species(1,2). Under 
certain circumstances, however, oral environmental changes may modify 
the composition and metabolic activities of the bacterial consortium 
leading to predominance of pathogens(1). High counts of Mutans 
streptococci (MS), Streptococcus mutans (S. mutans) and Streptococcus 
sobrinus, have been associated with higher prevalence of coronal caries 
in temporary and permanent dentitions(3-7) and also root caries(8-11). In 
spite of the widely acknowledged association between increased levels 
of MS and higher caries experience, other studies have argued against 
this association(12,13). Colonization and pathogenicity of these facultative 
Gram(+) cocci derive from their capacity to synthesize extracellular 
polysaccharides(14) ,QGHHG DGXOW VXEMHFWV FRORQL]HG E\ ELR¿OPIRUPLQJ
S. mutans strains have higher caries experience than individuals without 
these types of strains(12).     
    It remains unclear whether S. mutans increases colonization 
during periodontitis. Studies have shown, on the one hand, that gingival 
LQÀDPPDWLRQGRHVQRWDVVRFLDWHZLWKKLJKHU OHYHOVRIS. mutans(15) and 
higher recoveries of the microorganism have been found in treated 
periodontal patients during follow-up(5,16). Likewise, periodontally treated 
subjects show more S. mutans than untreated controls(11). Recent studies, 
however, report that untreated patients with periodontitis have high 
recovery rates of S. mutans from saliva, tongue dorsum, buccal mucosa 
and supra and subgingival plaque(17). Moreover, studies assessing the 
ELR¿OPFRPSRVLWLRQRI URRW FDULHVKDYH UHSRUWHGPRUHHOHYDWHGFRXQWV
of S. mutans when compared with sound root surfaces(10). Given the 
high prevalence of root caries in periodontally treated patients with root 
exposure(18), it has been hypothesized that high levels of MS may act 
as a predictor for the onset of carious lesions in this type of patients(11). 
Indeed, more root caries have been described during the follow-up of 
periodontally treated patients with elevated counts of S. mutans than 
those with lower number of the microorganism(19). 
 The aforementioned evidence allows speculating that untreated 
periodontal patients with more severe forms of periodontitis, who in many 
FDVHV VKRZ PRUH URRW H[SRVXUHV PLJKW KDYH PRUH FDULRJHQLF ÀRUD
than those subjects with milder periodontitis or gingivitis. An association 
between S. mutans colonization and the severity of periodontal disease 
has not been reported. The aim of this cross sectional study was, 
therefore, to compare salivary S. mutans counts in untreated patients 
with gingivitis and different degrees of severity of periodontal disease.
MATERIALS AND METHODS
 Subjects. 206 patients (53 males and 153 females) between 20 
and 75 years-old were randomly selected to participate in the study. Patients 
included had to refrain from eating, rinsing or smoking two hours before 
the exam. Likewise, participants could not be under antibiotics therapy or 
oral antimicrobials at the moment of the exam. Sample size represented 
all the adult patients under treatment at the time of the study who met 
the eligibility criteria for the study protocol. Patients were chosen among 
those requesting dental treatment at the Dental Clinics of the University of 
Talca, Talca, Chile. Participants signed an informed consent form to enroll 
the study, which was approved by the ethics committee of the University 
of Talca.  A comprehensive dental examination was carried out by dental 
students in all the patients, including radiographs. To be eligible for the 
study, participants must be older than 20 years old, not have been treated 
IRUSHULRGRQWLWLVKDYHDWOHDVWRIWKHLUWHHWKLQWKHPRXWKKDYHDJLQJLYDO
LQGH[/|HDQG6LOQHVVDWOHDVWRIDQGK\JLHQHLQGH[6LOQHVVDQG/|H
ORZHUWKDQ7ZRSUHYLRXVO\FDOLEUDWHGDQGH[SHULHQFHGSHULRGRQWLVWV
'U 60DWXV DQG'U01DOO\ H[DPLQHG WKH SDWLHQWV DQG YHUL¿HG WKH
DFFXUDF\RIWKHVWXGHQW¶V¿UVWGLDJQRVLV3HULRGRQWDOGLDJQRVLVFULWHULDZHUH
EDVHGRQWKHFODVVL¿FDWLRQRIWKH$PHULFDQ$FDGHP\RI3HULRGRQWRORJ\(20). 
,QGLYLGXDOVZHUHFODVVL¿HGDVKDYLQJJLQJLYLWLVRUSHULRGRQWLWLV7KH ODWWHU
was subsequently divided into two categories according to the severity 
RIWKHGLVHDVH'LDJQRVWLFFDWHJRULHVZHUHGH¿QHGEDVHGRQWKHOHYHORI
attachment loss, as follows:
1) 0 mm: gingivitis associated with dental plaque only (gingivitis) (n=92), 
2) 1-2 mm: generalized chronic slight periodontitis (CSP) (n=56) and 
3) Generalized chronic moderate (3-4 mm) or severe (5 or more mm) 
periodontitis (CMSP) (n=58). 
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S. mutans Culture and Counts 
 To obtain the number of colonies of S. mutans, each patient 
FKHZHGDSLHFHRISDUDI¿QZD[IRUPLQDQGH[SHFWRUDWHGWKHVDOLYDLQWR
sterile glass tubes. Immediately after samples were collected, saliva was 
homogenized for 30 seconds, diluted 1:1000 (v/v) in sterile distilled water 
DQGDQDOLTXRWRIȝ/VRZHGRQVHOHFWLYH7U\SWLFDVH±\HDVW±F\VWHLQH±
sucrose–bacitracin agar plates (TYCSB) (Merck, Darmstadt, Germany) 
PRGL¿HGE\DGGLWLRQRIVXFURVHZY0HUFN'DUPVWDGW*HUPDQ\
for S. mutans, as described(13). Plates were incubated at 37ºC for 48 h 
LQDQDHURELF MDUV *HQ%R[$QDHUELR0pULHX[0DUF\O¶(WRLOH)UDQFH
IROORZHGE\SKHQRW\SLFDOFRORQ\LGHQWL¿FDWLRQFRQVLGHULQJDVS. mutans 
only those adherent, irregular and sugar grain-like colonies, as described 
elsewhere(21). Colonies growing on the plates were counted adjusting for 
WKHGLOXWLRQVWRREWDLQWKH¿QDOQXPEHURIS. mutans expressed as cfu/mL. 
Counts of S. mutans were grouped into three categories: <1 x 105; 1 x 105 
to 1 x 106 and >1 x 106 cfu/mL. 
Statistical Analysis 
 Using two cut-off points, Cochran-Armitage test for trend was 
used to determine whether the proportion of patients with >1 x 105 cfu/
mL or >1 x 106 cfu/mL followed a linear trend with increasing severity 
of periodontal disease. Moreover, a proportional cumulative risk logistic 
regression model was adjusted to evaluate the effect of gender, age and 
periodontal diagnosis on the number of S. mutans, divided into three 
counting categories: <1 x 105; 1 x 105 to 1 x 106 and >1 x 106 cfu/mL, with 
DVLJQL¿FDQFHOHYHORI
RESULTS
 7KHVWXG\JURXSRISDWLHQWVFRQVLVWHGRIRIIHPDOHVDQG
PDOHV  RI WKH SDUWLFLSDQWV ZHUH GLDJQRVHGZLWK JLQJLYLWLV
ZLWK&63DQGZHUHFODVVL¿HGDVKDYLQJ&0637DEOH
Median age of the participants was 34.5 years-old. Only the CSP group 
showed differences of age between men and women (p=0.008) (Table 1).
 The adjusted cumulative proportional risk model for the three 
categories of S. mutans count failed to show differences by gender. 
%\ DJH WKH PRGHO VKRZHG VLJQL¿FDQW GLIIHUHQFHV S  RQ WKH
microbial counts, depending on the periodontal diagnosis, nonetheless. 
Hence, the probability of having higher counts of S. mutans at older ages 
ZDVVLJQL¿FDQWO\KLJKHUIRU&063SDWLHQWVZKHQFRPSDUHGZLWK&63DQG
gingivitis (p=0.0134 and p=0.0022, respectively). While probability of high 
counts of the cariogenic species tends to increase with age in patients 
with CMSP (Figure 2 Panel C), the likelihood of high counts is unaffected 
in subjects with gingivitis and CSP (Figure 2 Panel A and B). On the other 
hand, probability of low counts of S. mutans (<1 x 105) decreases with 
age in CMSP (Figure 2 Panel C), but increases with age in patients with 
gingivitis and CSP (Figure 2 Panel A and B), without differences between 
the two latter diagnoses (p=0.8087).
Figure 1. Cochrane-Armitage test results for patients with S. mutans counts >1x 106 
cfu/mL (entire line) and >1x 105 cfu/mL (dotted line) by periodontal condition. 
*CSP: Chronic slight periodontitis. 
**CMSP: Chronic moderate and severe.
Table 1. Patient distribution by age, gender and periodontal condition.
                                                               Age                                                     Total
                                             Male                  Female
       Periodontal          Median (IQR)       Median (IQR)       p value     Median (IQR)
        Diagnosis                  n - %                      n - %                                       n - %
                                         22.5 (5.5)             25.0 (12.0)                               24 (10.5)
          Gingivitis               
                                          24 - 45.3               68 - 44.4                                92 - 44.7 
                                        33.0 (12.5)             39.0 (7.0)                                38 (9.8)
             CSP*
                                         13 - 24.5                43 - 28.1                                56 - 27.2
                                        43.5 (12.0)            41.5 (17.3)                             42.0 (16.3)
           CMSP**
                                         16 - 30.2                42 - 27.5                                58 - 28.2
                                        30.0 (18.5)            36.0 (17.0)                             34.5 (19.0)
             Total
                                        53 - 100.0            153 - 100.0                              206 - 100
0.084
0.008
0.626
0.065
IQR: Interquartile Range; *CSP: Chronic Slight Periodontitis; **CMSP: Chronic Moderate 
and Severe Periodontitis. # Mann-Whitney U test.
Figure 2. Adjusted cumulative proportional risk model for the probability of high, 
moderate and low count of S. mutans by age in gingivitis (Panel A), CSP (Panel B) 
and CMSP (Panel C). 
*CSP: Chronic slight periodontitis.
**CMSP: Chronic moderate and severe.
 Cochrane-Armitage test showed that the proportion of patients 
with high S. mutans counts (>1 x 106 cfu/mL) progressively and linearly 
increases from gingivitis to the two degrees of severity of periodontal 
disease (p=0.0123) (Figure 1, solid line). When the cut-off point used was 
set to a level >1 x 105 cfu/mL, however, the linear trend was not observed 
(p = 0.8066) (Figure 1, dotted line).
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DISCUSSION
 3DWKRJHQLFLW\RIWKHELR¿OPVUHOLHVLQSDUWRQWKHHQYLURQPHQWDO
factors to which they are exposed(1). Periodontal diseases provide 
substrates for bacteria that differ from those colonizing under healthy 
conditions(22) ,Q WKH VXEJLQJLYDO ELR¿OP RI OHVV GHVWUXFWLYH IRUPV RI
periodontal disease, Gram positive species, including Streptococcus and 
Actinomyces, are expected to be isolated(23). Conversely, more destructive 
periodontitis produces periodontal pockets, which favor the establishment 
RIDQDHURELFÀRUD(24). Based on the aforementioned issues, it is reasonable 
to hypothesize that more severe forms of periodontal disease create 
different ecological niches for the proliferation of S. mutans. In this study, 
it was found that patients with gingivitis or milder forms of periodontal 
disease are more likely to have low counts of S. mutans than subjects 
ZLWKPRUHVHYHUHIRUPVRISHULRGRQWLWLVZKRVKRZHGVLJQL¿FDQWO\KLJKHU
counts of the cariogenic species, in both cases, in an age-dependent 
manner (Figure 2).       
 ,W KDV EHHQ UHSRUWHG WKDW PLFURELDO ÀRUD FKDQJHV DIWHU
periodontal therapy, from one more predominantly periodontopathogenic 
to one more cariogenic(11,25). Despite the changes in proportion of S. 
mutans before and after the therapy, the bacterium persists within 
WKH ELR¿OP RI WKH WUHDWHG SDWLHQWV(16). Microbiological changes due to 
periodontal treatment may affect the incidence of caries, particularly root 
caries. Periodontally treated patients show higher rates of root caries, even 
RYHUZKLFKLVKLJKHULQVXEMHFWVZLWKKLJKFRXQWVRIS. mutans(19). 
S. mutans has been isolated more frequently from root caries than from 
non-carious root tissues and it is believed to participate in the etiology of 
the lesions(8-10,26). Whether there is an association between progression of 
periodontal disease and a higher proportion of S. mutans has not been 
reported. Importantly, our study was performed from saliva rather than 
from root surfaces samples. S. mutans in saliva characterizes the overall 
colonization by the microorganism, but it may misrepresent the presence 
of the bacterium on the root surfaces or in the carious lesions. Further 
studies must consider this issue in their experimental design. 
 A higher presence of S. mutans in untreated patients with 
chronic moderate or severe periodontitis, as we show here, may derive 
from a lower oxygen tension within the periodontal pockets(27), which 
favors growth of microaerophilic species, such as S. mutans. On the 
RWKHU KDQG RUDO ELR¿OP FRPSULVHV KXQGUHGV RI VSHFLHV FRH[LVWLQJ LQ
the same ecosystem(28-30). Predominance of one species over the other 
may be the result of interspecies competition(31). When one species 
predominates, it may exclude others and create new conditions for the 
UHPDLQLQJPLFURRUJDQLPV7KXVLQWKHRUDOELR¿OPPXOWLSOHVSHFLHVFDQ
co-aggregate to colonize the tooth surface(32), or provide nutrients to 
other bacteria by metabolization of substrates(33). After cleaning the teeth, 
streptococci compete for colonizing saliva-coated enamel or dentin(34), 
in some cases mediated by the expression of adhesion molecules(30) 
or antibacterial molecules(2,12). Periodontitis-associated microorganisms 
can coexist with S. mutans and survive acidic conditions constrained by 
VDFDUROLWLFÀRUDE\LQWHUVSHFLHVLQWHUDFWLRQV)RUH[DPSOHE\IHUPHQWLQJ
glutamic and aspartic acids, F. nucleatum y P. intermedia produce 
ammonium, which increases pH protecting peridontopathogens such as 
P. gingivalis(35). It is important to state, though, that several microniches 
may exist in the mouth, each having different composition of species 
ZLWKLQWKHFRQVRUWLXPRIWKHRUDOELR¿OP/RZHUR[\JHQWHQVLRQLQGHHSHU
periodontal pockets might exclude S. mutans in some of the microniches, 
which can explain why the differences observed are not too large 
when the different severities of the disease were compared. However, 
higher overall colonization by S. mutans associated with more severe 
periodontitis in untreated patients, measured in whole saliva, may be the 
result of several ecological changes in the oral environment of this type of 
patients. Hence, the mechanism by which S. mutans levels increase with 
severity of periodontitis, requires further investigation.    
 Findings of the present investigation are in line with a reported 
higher risk for root caries in periodontitis patients(36). More severe forms 
of periodontitis at older ages might represent an increased risk for root 
caries, suggesting a need for more effective caries control measurements 
in people affected by periodontal disease.
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